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S.2 Stand-alone soil NO module
The major difference between our in-line (with CMAQ) and offline implementations is the approach to deal with nitrogen deposition. For the in-line BDSNP model, dry or wet deposition process considered in CMAQ will continuously update the available nitrogen from the atmosphere to the ground. For the stand-alone module, the nitrogen available from wet or dry deposition cannot be calculated instantaneously through the air quality model but needs to be determined from offline, pre-computed files. For the stand-alone model, soil condition from the last hour of previous day's run and the generic daily nitrogen pool from archived deposition fields are used. Since the soil N pool needs a long time to reach the quasi-steady state in the model, a new series of inputs are needed in the stand-alone model to provide the generic daily variation of N deposition. Hence, we performed a full year CMAQ simulation over the 12 km continental U.S. domain using the emission and meteorology files for provided by EPA. We recorded daily data on amount of soil N reservoir resulting from deposition from the simulation.
These deposition fields were archived as the restart files for the 2011 run. Simulating soil NO emissions for a region outside North America or for a period with sharply different N deposition rates from 2005 will require development of new deposition fields by this or other means.
S.3 Impact of different BDSNP inputs on soil NO in CONUS
For stand-alone BDSNP, sensitivity of the model in terms of soil NO emissions for different inputs were analyzed for the same test period of July, 2011. Our offline BDSNP module allows us to quantify the sensitivities of soil NO emissions that can occur by switching between the 'old' (Potter and old GEOS-Chem based biome) and 'new' (EPIC and new NLCD40 biome; both global and North American) datasets (refer to Fig. 2) . The sensitivity analysis gives a quick diagnostics about the changes in soil NO (on a monthly mean basis for July 2011) to different inputs without being computationally extensive. From Figure S4 , for the 3 cases in standalone BDSNP for July 2011: a) Change from old GEOS-Chem biome to new NLCD40 biome (with global geometric mean EF, EF1 
